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SUMMARY

1733

The motion of LUNA-10 is studied in the noncentral gravita-
tional field of the Moon, taking into account the gravitational
influence of the Earth, Sun and planets.

Eleven coefficients of expansion of Moon's gravitational po-
tential are obtained from trajectory measurements,

Pear-like shape of the surface with elongation on the far siae
of the Moon is evident. It is basically formed under the influence
of the terms in potential's expansion containing the cubic harmonic
P31 (with the coefficient c3; ) and the zonal harmonic P,

*
* *

If the gravitational field of the Moon were central, while the
influence of the outer bodies is absent, the motion of the satellite
would take place along an unperturbed orbit (Keplerian ellipse), of
which the shape and dimensions would remain invariable in absolute
space. The noncentrality of the Moon's gravitational field and the
action of outer bodies, of which the principal ones are the Earth
and the Sun, induce perturbations in the motion of the satellite,
Under the action of the latter the satellite orbit is bound to evolve
with time.

The perturbing action of the Earth and the Sun on the motion of
Moon's satellite is well known. The greatest interest is offered
by orbit evolution arising on account of an unknown noncentrality
of the gravitational field of the Moon. The knowledge of this evo-
lution allows to determine its parameters,
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Trajectory measurements of satellite motion, conducted in
the entire period ofits existence (from 3 April to 30 May 1966)
were used to ascertain the evolution of LUNA-10 orbit. They were
subject to statistical processing with the view of joint determi-
nation of parameters of Moon's gravitational field and of the ele~-
ments of its orbit. Laid at the basis of the method of measurement
processing was the analytical theory of motion of a Moon's satel-
lite that would allow to encompass the entire two-month measuring
interval of satellite motion.

The description of selenocentrical motion of the satellite
and of the motion of the Moon around its proper mass center was
performed in the Descartes rectangular selenocentrical system of
coordinates XYZ., The plane XY of this system coincides with the
plane of the mean equator of the Moon, and the plane XZ overlaps
with the plane of its zero meridian of the t, epoch. The direc-
tions of the axial system are fixed relative to stars, The axis
X of the system is directed toward the Earth, the axis Z — to the
northern pole of the Moon and the axis Y completes the right-hand-
end system, The following elements of satellite orbit are used
for the description of its motion: major semiaxis a, eccentrici-
ty e, inclination i, longitude of the ascending node g, angular
distance from periCenter to the node ,, time of node passage T
(The counting of the angular orbital elements i, Q, w is made from
the Moon's mean equatorial plane and its zero meridian of to epoch
by the method admitted in celestial mechanics). It is assumed that
the rotation of the Moon around its proper mass center takes place
according to Cassini laws, i.,.e,, uniformly around the fixed axis
0Z of the introduced system of coordinates. The motion of the
mass center of the Moon (origin of the system of coordinates) in
the geoequatorial system of coordinates with the mean equinox of the
the epoch 1960.0 is given by the Braun theory.

The noncentrality of the gravitational field of the Moon is the
essential fact determining the evolution of the orbit of LUNA-10,
The perturbations of satellite orbit arising on account of the non-
centrality of the graviational field of the Moon are particularly
clearly manifest in the evolution of the longitude Q of the ascend=-
ing node of the satellite ana of the angular distance w from peri-
selion to the node, This evoluticn of the elements 2, w during the
time of its existence is represented in Fig.l as a function of the
number of satelliuve convolutions. The evolution of parameters 2, uw
contains a visible secular offset leading to regression of both para
meters. A noticeable periodical perturbation is superimposed on
the secular offset of parameter w, For 460 satellite convolutions
the perturbations of parameters Q,w , conditioned by the noncentra-
lity of the gravitational field of the Moon attained the values
A= —7.7°%; Aw==11,8°, The perturbation of satellite orbit inclina-
tion i and of its eccentricity e bear fundamentally a periodical
character and have an amplitude 3i~0.15°; Ae=~ 0,003,

The satellite orbit perturbation on account of field noncentra-
lity leads to perturbations of its coordinates, constituting for a
single satellite convolution a value Arlz:O.?S km,



The above comparative estimates show that for the orbit of
LUNA~10 the perturbations on account of Moon's gravitational
field noncentrality exceed by a factor of 5 - 6 the perturba-
tions caused by the gravitational influence of the Earth and the
Sun. The planetary perturbations of satellite motion are small
over the considered time interval and this is why they were not
considered,
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Fig.l. Perturbations in the longitude Q@ of the ascending

node and in the angular distance w from the pericenter to

orbit node. Heavy lines refer to the noncentrality of

Moon's gravitational field, the thin lines point to per-

turbations on account of gravitational influence of the
Earth and the Sun

The processing of trajectory measurements, containing their
unique dynamic tie over the flight interval of LUNA-10 for two
lunar months allowed to determine the quantitative characteris-
tics of the noncentrality of Moon's gravitational field.

The expression for the gravitational potential U of the Moon
is accepted in the form of expansion in series by spherical func-
tions
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where u is the mass of the Moon, R is its mean radius; r, y, A are
the spherical coordinates of the point: r is the polar radlus,

¢ is the latitude counted from the mean €quator of the Moon, A is
the longitude counted from the zero meridian of the epoch tg;

P m(siny) are the connected Legendre functions. We utilized for
for the determined parameters of Moon's gravitational field the
coefficients ¢ , dnm of this expansion,



As a result of this processing we obtained the numerical
values for eleven expansion coefficients of the gravitational po-

tential of the Moon, Together
with their maximum possible er-
rors these values are presented
below:

czo == (—0,206 =+ 0,022) - 10-3,
cas = (0,157 == 0,059) - 104,
day == (0,361 = 0,358) - 105,
e = (0,440 == 0,012) -10~%,
doy = (—0,139 == 0,145) - 105,
- 0,283 1 0,099) 10—,
—0,568 = 0,026) - 10-4,
—0,178 == 0,032) - 10,
(0,118 == 0,047) - 104,
dy = (—0,702 = 4,595) - 10-,
(0,333 = 0,270) - 10,
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There is a substantial cor-
relation between the errors in
the determination of parameters
c,, and ¢ . The correlation
factor is k =-=0,99, The mutual
correlation between the errors

of the remaining determined para-

meters does not exceed 0.4.

The above numerical values
of parameters c,;, and C;, agree
well with their known values ob-
tained by libration measurements
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The nonzero value of the
coefficients cpm with odd index
m and of coefficients d with
an even index m sugqestsn%hat
the gravitational field on the
visible and the far sides of the
Moon is asymmetrical.

For the illustration of a
specific gravitational poten-
tial of Moon we considered the
level surface passing through
the point with spherical coor-
dinates r = 1138 km, ¥= 0 and
A= Oo
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Fig.2. Cross-sections of the

level surface of the Moon's

gravitational potential (radial

deflections from the circumference

x 1000 times). A) Equatorial,

B) meridicnal (a= 0), B) meridional
()\-_-. 900)




The shape of the potential surface is clearly seen as pear-like
with elongation on the far side of the Moon. This pear-like shape
is formed mainly under the influence of thﬁ terms in the potential
expansion containing the cubic harmonic,P3 with the coefficient Cs,
and the zonal harmonic P,0,

The above results are preliminary. The furthest processing of
trajectory measurements on LUNA-1l0 and the analysis of subsequent
AMS will permit the refining of the obtained parameters and comple -
ment them further, and it will be also possible to refine the motion
of its center of masses,
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